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#02 0 0 3 -3 7 1 8 3 7 ^-v? : 1/ 

[»** 1 ] 

mzskftrnt. 5&*»©*iB±c»jft$*L*:paioy >-fk«* (^3$: bp) *e>jft* 

Wffifc*fll*.fcp ng^|Afn|l©ft^ii|i|^|^(^^T, ±IBnSOin 
[IS** 2] 

T«*9? Vm#A UGa, I n 2 N (0=SX, Y, Z^l, X + Y+Z+l) 

im*9i 3 j 

M^Ga, I n z N 1 - q Mq (Mlim^k figljO Vl£7Gfg£S U 0sSQ<l-e 
[»** 4 ] 

nsi*w***y ><\mm Wfc**B p) 1 ~ 3 e^-r ^ciBtop 

[If** 5 ] 

nl+Hl^ M^tSIW, ffi#tt* (0 0 0 1) ttSnl^IMU^A 
• y( >i??A (KsSG ax I n 1 - x N : 0^X^ 1 ) JSO^®±Kt£*t£. 

(ill) t-rz nMv&mmiii-vMit&mfrbmf&ztLx^zzbzitmt-fzm 

** 1 ~ 4 OV>r*L*»t|B«0 p ng^fAf ofjift^^^f ^ c 
[»** 6 ] 

nl(fH®^ nl<D (0 0 0 1) -S^V "7 A • 4 >WA (ti^Gax I n i - 
x N : 0^X2£ 1) *<&a«fc, < 1 l O^ftfcspfifc-ta, T> K-7° (u n d o p 
e) T*nlO (1 1 1) -*ffli*III--VJfe'fb^»3&»fe=l»J«§tL-CV»J5ifc4-#«fci-* 
fit** 1 - 5 ©v>"f*L*KKtt0p nS^l^fniS^WiMWo 
l»#* 7 ] 

Tj&SJS^Tt J.c\ mW* 2 nmm±t?6 0 T> K 

"^niO (1 1 1) — ^«III-VMb^^^«^^tL-Cv^ii:*#^ti-^ 
»** 1 ~ 6 <D^-n%frKmm<D p n«^iATn|jgf^||iMI»„ 
[ft** 8 ] 

«Sfi*«±C n 1^)111- VMm$f^ TSI5 ^ 7 Kit, nMOIII-V 
IWW^^^Mt, p MO y >"ffclfllif (BP) ^^SUS^yFIl: 

(P/BJt^) «:«riBO + |i|ii*Jftft$-*aiRoiIUfe5B*»jz#-t* V»s7G*iB<0Jfc2£ 
(V^TC^/IIIJ^TC^Jt^) J: ») i®< LT*WBJ*ft3** p n&£- 

[»** 9 ] 
[IS** i o ] 
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[ft^« 1 1 ] 

^mmi^^^^m<DWM<^inm%mmi l 'ni-^vm7tmM<oit^i 50-200 

0 -e&&fjf^ 8-10 <^V^-f tt^t'IEmcT) p n^S/^x n#iffb^%^S#^*^ 
[IS^^ 12] 

±M* (0 0 0 1) -IttS nS^S'fb^V *A • 4 («SGax I n 1 - 

x n : o^x=s 1) frbj&z§&itm*]&g:-£*ttifc. $>%m±.fc 1 0 ox;&>jn?9 5 or 
^TosaT% R^inmTummtztt-rzvMTtmmvit^* 1 5 ojsuit-2 0 0 omr 
tit, nMo (111) -^mmiii-vMit&mmfrh&z>*mm* : &j&-fz>z t* 

m^m 1 3 ] 

±m* (0 0 0 1) nSl^M'fttf' V • >f ^y^A (m^G ax I n 1 - 

x N : O^X^l) *&jft*S&jte»*j«ifi$*fcSL »3feJB±K, Jfcfi&jK*£53*3 nm 
£JL±t?^3 0 0 nmUTt LT> (0001) -Gax Im-xN (O^X^l) Jf 
<DaMl<Z<l 1 0>j3\n\*s?ftt-fZ>, 7VK-^nl© (111) — ^WIII-V 
&'fb-g-Wf)&>'bj£*'f SlMtSii =S:#mti-^W^8- 1 2 ©v»-f*L*»fclB* 

14] 

JSfiifiJK*, 7 0 OUUT, ±»^5 7 Fg«t4pI<0V XkflDKJiOJKSffl* 
JJlTfc LT, KgSr^fSpM^'J >ftlf i<0^r t 'J 7lS£lTfc n 

S<£> (111) -^ffl*III-VRft^WS^ejSa>t'IW»*^lS"t*ii:*ifiF»t-t& 
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#12 0 0 3-3 7 1 8 3 7 1/ 

[0 0 0 1] 

[»«&*] 
[0 0 0 2] 

t£$fc> ifijftsSA lxGay InzN (O^X, Y, 1 , X+Y+Z= l) -C^fcS 

K LED) K&oT. pl^nl^y K (clad) m*MJ&1- Ztz&K 

mmZtiX^Z (±|Sc7)##^m 1 #JK) o S&ft^ *- KfcvMil'— 9^ k ( 
^B&#: LD) ^<^##^5fc3f^-{i, mt*Wmmz%tzb-ttztbK, Mlipnl 
^!2i^fnS^ (double heterol K&iDH) #5tt ?-&<^fc oi£ ?> 

uieo##f^5:m i #hb) 0 DH«^^fi5^{±. %3fc^i:. ^tnzmrnxm^- 

[0 0 0 3] 

>v^A (IIAGav InzN: OsSY, 1 , Y + Z= 1) ^^bU >4ttfV V A 
(TOGaNi — Q Pq : O^Q^l) ^<£>III- VMk^iM^^ <b-|£&c;|# 
^$tLTV^ 0 ^«^r$l?B#i->5>^i6c0pM^7 y KJlttlfcJfc, — mzA 1 XG a YN ( 
0^X, Y^l, X + Y=l) ^?>iJS$tLtv^ (fj*.!*, iWWFJcWi 1 #bs) o L^L 
. i^MJlt LT»ig^®v^tn;opMlIima'ftWS#^^#-2>tc(i > ( a ) |W|Jf?>^ 

(TcStfS-5!- : Mg) ^O^II^^cD^Jn ^ (0J*. 

tf, tM2#ji) , s.a' (b) mm>b7kmw^*&M2^z?z&<DBMm (mutf 

[0 0 0 4] 

7 s (undope) X i> ®3£#tO p mmmm h fix (flJAif. ^jti2#i 
D Hiil^IIIJIMi^iMM? ftf $ tit ^ -5 (Wilt, #fr 

iimwFXMi] fcm mmm. \ui-vmik&m*mfoi , 1994^5120 
b , ajsu m) &m.m§£ft, 1 3 ^ e 

l3¥&WrXWi2} r-f-. yyify (T. Udagawali 0 5 ®&.ftfo*mft 
m&gtmTf-tifrnV^Xh (Technical Digest of 5th. Int. Conf. Nitride 
Semiconductors) ,431H 

[GMfcfclR 1 ] H#4m §2 7 1 3 0 9 4^- 

MMMtlR2] B##fr- i2 7 7 8 4 0 5f 

[<%W?XM3 ] B*!$W §2 5 4 0 7 9 1t 

^SGNfrUS 6, 0 6 9, 0 2 1f 

[0 0 0 5] 

L^L, nl!III^'fk^^#^±J-{i> pI'J >-ftlf©ISI^^LTig? 
*t&zttfx~Z%^o tfyh (p i t ;?L) a ? #SK#£1-&*:#>, ^teM^t*. V > 
-M3?t/fli> *<D?FMi&&<Dtz&\zW.ffi<DFli$%Mffi.i!>m^Zti, ffi^f^ot 
Li^o tot, ^W&^i^&y >lfcI83gJ§£*7y h-mtLX&mLtz£Z.Z>X^ 

fflz-i*. m^mhmffizspM&jiz&nxz-fiz^ n^®t ? ^ nms^ijf iM 
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& * *b $ *l& <d&x$> & 0 

[0 0 0 6] 

±IB^^S^<^Fpm*=S-SI^:i-^/c*i)^^^tL^:^^-t?, nMIII-V^ 

mm * mwz-r %tz#> <o^m 

[0 0 0 7] 

ZTUfyy KJf fc, TM??? h*m<z>%M±K&J&-Ztit: nH^III- VIft^!|fi 

fofrbfc&mtmt, %%m<vmm±.\,z : && t %KtzT>m<Dv >itmm (m:BP) & 
^u^7«; h*mttfffiz.t>ti^ ±.m&ytmt, ^i^PfLtp nMAfDi 

[0 0 0 8] 

(2) TU?7? K»**A lxGay In z N (O^X, Y, ZsSl, X + Y + Z+l) 

-e* & -tie ( i ) KfsiRo p n m&m^Tum&it&^mfc&ytm^'o 

<it*«) -c**±k (i) *fci± (2) tciB«op nm&w^Tumm<k&%j¥mtt. 

(4) nS^IMWVWbfllX (mBP) T££±IE (1) ~ (3) «>v>1* *ljHc|B 

(5) nl^Ri^ f&SfeJfOSSUf Wrfrtfc* (0 0 0 1) nffloa-ffc^ 
U *A • jz/VVA {BjSv&G ax I n i - x N : O^X^l) Jf <&Sfe®±fctSfc»tfc, ® 

(1 1 1) fc^*na^W*III-V!K^W*e>#Jffi$*LTV>4tfc*4HKt 
i-*±IB (1) ~ (4) OV»f ii*Kg«©p nft^iAf niM^iM**?- 

o 

[0 0 0 9] 

(6) nltflSl^ nIO (0 0 0 1) -SMbtfV * A • j yy*? A (S^Gax I 
n i - x N : 0£JX^ 1) Jf OattK, < 1 1 0 >#|6j£TO * , (u n 
dope) tnio (ill) -*ffll*ill-v«'fl:^*»e,fl|jft§tLrv»4c:fc**HR 

t-f*±B2 (i) ~ (5) (o^irtifrizm&vp n&&M^Tum&ft&w*mitz&3bm 
7>K-y-eni© (ill) — £mmii-vteit&gafrt>mm-2tL'c^&, 

Sfctf*±IB (1) ~ (6) Ov»i*tL3ft»tcfBttOp n^M^7-n#it>fb^-WS#^3fc 
[0 0 10] 

(8) MagflUifc, n!l©ni-V;fiMb^W#«#*fcjSaT«*7y K»fc, nlOI 
II-V;!&<t^|^g#5^£££fbfc/§*:, pM<OV >1tWm (BP) ^jS-S-LtSB* 7 y 

Slti *K»t* p n^M^xn^itO^^Sfrl&^^O^^CiS'V^T, n 
S2 OIII - V 8Hb*tt¥*tt* ?> JSK S «jt« »*»± K: ^Hl^^tn 

ttiiE4#2 004-3096597 
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lo 0 1 1 1 

(9) ^fJilll-VMb^WV >immx~$>Z±m (8) K|B*&?>p nS^lAfn 

(1 0) ±M*?y vm*^mj&&z&z&<vm<Dmmuiztt-t& y >aiojfc^5 ~ 

1 5 0-?&£±fS (8) (9) i"l5m<Op n^M^-rn^jffk^WS^^ 

(1 1) 4"K^*^?^^I^^M#^ni^%*il^Mt--& V^TC^Oifc^l 5 0 
-2 0 0 0-C;fc£±!5 (8) ~ (10) <av>-f ftjHcfB©?) p n^M^xn^at^!^ 

[0012] 

(1 2) _hM£ (0 0 0 1) -mtlrZ nMomW) ? & • 4 >>^A GSJ&5SG ax 
I n i - x N : OsSX^ 1) ^kj££^7fcJf fcj&fiS-^*:^ §&ftm±\Z 7 0 0tJJl±T 

9 5 ot£iT©sst\ R^iimTtmmizMi-^vmjtmm^itm^ 1 5 om±-c2 0 

OOmTiLT, nMO (1 1 l) — gHHm- VM^ftf^ 4>F^ 

-5) i i: ^#mti-^±ie (8) ~ (11) <^v^-f^lcfS^Op n^M^T-n^^b^- 

(1 3) ±M£ (0 0 0 1) nl©gik**V >7A • («5£G ax 

i n i - x n : o^x^d frbm&z&ytmzf&Mmtfz^ «jfc»±K, j&«i£«£tt 

^3 nm^i«3 0 0 nm^Tl: L"C\ (0001) -Gax Im-xN (0^X 
^ l) lOatti:< 1 1 0 >?5$\*3fftt-tZ>^ T> K-y-Cnl© (ill) 

iii-vmik&mmfrhfc&^mmzT&j&^zzt^WLt^&i.m (8) ~ (12) <d 
(14) 7 0 0ta±-e, ±SB^9^ Kif^m^-r^ pMoy >-fbiB*/io 

^t^nio (111) -^mmiii-vmk&mmfrh&z>*mm*m$L-t2>zt 
mt-f&±m (8) - (1 3) (D^-rtifrizmmvp nm^m^r-^m^t^m^m^ 

[0 0 13] 

K4£ffcT-£ v HM^OjAV^tb^Op ng^lAf DiM^i#$#:L E D ^ift-C 
[0 0 14] 

¥S'£M i 'b&&TS&:J' r; F»fc„ 7 ? Ki^SIi^M?^ nSOIII- V 

5S:bp) ^e>*^±gg^7y rmim^z^m^zis^x. ±mmftmt±m?7? k 

if tf> K K n ifl^IBf^III - VM>fb<»> fll x. t£ n MO y WblBSt^ <b & £ * M * &tf 
*5W?JIJv>t> LTIit7 7^7 (a-A 1 2 O3) % ATjbIO (0 0 

0 1) -mmm, *7j,ho (0001) (zno) &^wir?&& 0 

nm<DIII-Vmft&®*mft-frt>%ZTU* 7 v K»Wt-«3*;A UGa, I n z N 
(0^X, Y, Z^l, X + Y + Z+l) fllfcHTGa nfcifT?jfea 0 

nMfOIII-VMb^^^^^^^Tfe^ti-^G a y I n , Ni - q Mq ( 

ttiiE# 2004-3096597 
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In 2 N(0^Y, Z^l, Y+Z=l)^GaNi- Q P Q (0^Q< 1) %t*T?$>2> 

o 

MOCVD) ri*T'§a 0 
[0 0 15] 

mmmz ztz&iz, *mmit, nm^mmm-vm^^mi^m(D±^^^ 

r^ B B H ^«J (2 0 0 2^11^20 B. (*) tflM, ^lffi> 3 1-34 
) lit^i«t^i:ifl^^ 0 ^13^11- V^b^Wag^f*, |W|C<ia 

[0 0 16] 

*»*III-V»Hb«¥*#£LT, (1MB. Ah- 

. P : 0 < a a£ 1 ) , y >-fkflH* • #V * A GfcJfcSlB . Gai - . P : 0<o^l) , 
V XbW* • W >v»*A (ffi^B. Ini-„P:0<«S£1) *«^-ei4. 
flfe* (7c^fB#:As) **jftx*fci-*ffi*b»l35f • T/i'S-tfA («SB. Ah- 
« A s I 0 < a ^ 1 ) , mtmm • # y * A («SB .Gai- t As:0<«gl) 
> 8Mb*!* • -f (*L&5£B , Ini-,As.'0<^l) fcfllarCS&o £*i 

^o^-wm-v^b^W^o^T', y vftif (bp) ii % piT/«fit 

[0 0 17] 

tWitiJStSfc*©'; WbfflJ3KJittH ^n^> (halogen) S, ;W K9-f 
Mhydride) SWOCVD (*«&*'fb*tt*WIJ|M*) ftfc<K!?5&B-Ci* 0 

(J. Solid State Che 
m. , 133 (1997), 269-2 7 2I#I) o ^HJifcJiKSS-fraMtt. 3§}fc 

a * fo-rm *. «r n Miii;&^b^*wf * * *p«u -r * £ * „ Jtgc & km t 

£S (island) < % aii^LtfS fcifc 7 0 0 *CJSl±i:-t-^0 

So #!)x.f£MOC VDfe^^l?, 8 o o t:-c^b55fy • A (G a 

x I m - x N : O^XSSI) [WJ C < 8 0 OtT'J Wb$B3?f^<bJ&.5> * 

[0 0 18] 

in»aK*i-K*i-i-*vaiiB«-ojfc^ Mil. v/nmmmtt^t Lx^mttziii 
*uajsfi«?t«ffli-*flBaf (b) wxtryv (p) mx*>z> Q v/numt^ awus 

IHJt^fc 1 5 0iZk±t L2 0 0 O&Tt L?zm&, nlO (0 0 0 1) -fl-fbtfy *A 
• >f ^S??A (G ax I m - x N : 0££X*£1) Jf±Kfi, jiflKtt(ZfttL« y > 

tttfE# 2004-3096597 
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^2 o o o=s-jex.7t^jfc^t-r<st> y> (p) *»H#L7t*fiti«»*«»^u *wji£ 

[0 0 19] 

±feo£ftt&v/injt^ (^lov/iiut^t-t^) <oiEHT?$WiifcR$*fey 

a«W*3feSfcvvf8Uc % iftffl#LT?tt&< % /^^< t^t'JTlS^l X 1 0 1 7 cm 
L^v^TV K- fc^jfc-c*, *:fc*^j£:ft3«|fc©v/Iinfc**jSgfi£ 

i^&ib*L& 0 V/IIIJfc^fcft iS+^y TIS^'J WMftJf *l 

[0 0 2 0] 

Hfc, y Wbffl*JB©jSftjft&*tt$3*3 nm£l±«3 0 0 n m&TOfim%%.WK 
IS^-r^t, (0 0 0 1) -tt'flsan; *A • ^ (Gax Ini-xN:0^X^ 

1) Sfc*oT. -e©a«K, <1 1 0 ^mZW-fttl-Z, tt^^ a WSI&^M H B H M-en 
MO (111) -y yimm*WJ&'?*2> 0 ->^7tigiI(OGax I n i - x N (OsS 
XsS 1) (DzMiit. 0. 3 19nm^±t0. 3 5 3 n mJBlTO|6HC** £9 
, l"***^* **»J , 1995^3^308, (#c) J&JH3&3&fr, 2 8I# 

bh) o -ar, vwci* (bp) o u loi ^momma, o. 3 2 0 nm^^ o 

Z<Dtz*>, (0001) -Gax Ini-xN (O^XsS 1) <0 attfc. < 1 1 0 >#|rJ 
^firfcLTSBlpjL^ (111) -y>ft«i*Jitt, alftt |110| te^MiOWPSiO 
B&— Ifc^lb, (0001) -Gax Im-xN (OsSXsg 1 ) JB fctf3?MM!£fcfl| 

"^^o B*K, (0001) Itt-SGax Im-xN (0£X£ 1) Jfte 

> M^fi* (0 0 0 1) t-rzy-7TJT ( a — A 1 2 O 3 ) > ^ B |CD (0 0 

o i) -jfrfbs* (s i c) ^vc (oooi) (Z nO) ( 

o o o i ) i&H H H £^t-f*ufj&g-e§ & 0 
*f&iw its* rail «y WMi-sfj lv>*«, irflBLfcaB*©— 
*?4 ^ y •> a -cat* l*: y ^*flk*-cmfeLfctot'ttffl^rti-c**o 

[o 0 2 1 ] 

V/IIIitm (*2 0V/IIIifcsp) ii % niay WfcflB*«*jMBJ&S3«* 
^0»10V/IIIifcspJBlTi:-r*o t< ttV/IIIJfcsjstt5~ 1 5 0t^ o pffly 

So ^oT, nM^if Oil Jfti 6 0 nmaTtt^Wlt^o itfc, &flft££v"fi|lQ 
[0 0 2 2] 

ffiSE#2 004-3096597 
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[0 0 2 3] 

<dled i o o<v¥wm&:m*m-?o m2iz&^ m 1 k^-mk^a-a' k?&o*:led 
i o o vmmm&zm^&Hzmi-o 

[0 0 2 4] 

(0 0 0 1) -t7r^7 (A 1 2 Oa #^ H B H ) «1 0 l±fc, S i K-^nIGaN 
if (*VJ7iSI=7Xl 0 1 8 cm" 3 , ®J£=3. l^m) *^44T«^?? 
10 2, nM-fbary *A • <f (G ao . 92 I no . 0 s N) Ji (**V Tjg 

S= 8 X 1 0 1 7 cm 3 , JiJ?=0. 0 8 yum) # ?> * l&jfcJi 10 3 &J0&fcu 8tJf $ 
tfco — ^69*Xi^lllFffe^|8t^ % Gao. 92lno. 0 s NJfO±M<^MM(± (0 
0 0 1) T$>&bWt>hHt: 0 ±B<DG aNlTO a 0 . 92 Ino. 0 8 NUt h 
V **-fUlfVVM. ( (CH 3 ) 3 Ga) /T^^e-T (NH 3 ) (H 2 ) RIS** 

EE (**$CEE) MOCVDffiT?M$€)to 7^5^7 7 aNlttl 1 OOt 

-ej&SSiir/co S&TfcJf 10 3 G a 0 . 92 Ino. 0 8 Nlli 8 5 0 < CT?J&g£-£ 

[0 0 2 5] 

(0001) -Gao. 92 Ino. os N 3ft» Jft -5 H^fcJB 10 3 frJMBAft3-££:ffe, t 

§ii3fcjf 1030 (0001) ®±tc, 8 5 ovx~nm<DV yjtmm (b p) m**mm 1 

0 4tLtMLfco Wl 0 4£j£-tBPJf h V xffl/fflj{ (fl^sS : (C 2 H 

5 ) 3 b) &flnx (b) mt u **?-r > (^f-sS: : ph 3 ) *y ^iit-t* (c 2 h 

5 ) 3 B/PH 3 (H 2 ) SJ&fcttJE (ttfcJCEE) MOCVDMI?^, * 

ms 1 0 4 ><bflH*«tt. fln*«tcs*-r* *«o#j&jt$s (v/injt^=p 
h 3 / (C2H5) 3 Bmmmmitm) *4 3 0 1 l-c^s$^ 0 z<diz#>, t>f- 
7ov >immmit* j rVTmm*6x 1 0 1 8 cm- 3 t-t& nm<vmw,mt%-?tzo 
*®mi 0 4z%-tnmv>immm<Dmmit, 0. 0 2 M mtLtz o 

[0 0 2 6] 

#C&C, ±|BW (C2 H 5 ) 3 B/PHa /H 2 KJ&%-%1±MO C V D?£&5fHJ/B Lt, * 
^i!0 4±i:, T> K-^O'J ^ifi*±«^7 7 K» 1 0 5 LTitatfCo p 
iT/ftliilJl 0 2 5r«I?^;, ^^S$-ar^l^OV/ / IIIlfc^{i2 
0 t-^L^c -OU WbW3?Jitt> flWJf 1 0 4 XkWMOifrft'J: *) 4. ft 

a-Cj.o®v>V /IIIJt^JsR«$ -Ztztztb, pit, *tV7i«il XI 0 1 9 cm 

- 3 t-r^msLommmt^^tio im*?? ks i o somit 1. i^ m a/; 

o 

[0 0 2 7] 

&*no7* h y -fifew*:?offlLr, igg^^y k®i o 5*jstpflywi: 

»Jf (patterning) £i&L£ 0 MM*** (C 1 2 ) * 

i^^-^*7°7Xvxyf pIBP±SU7 7^ Kfl 0 5s nlB 

PfpK® 104, WnIG a 0 . 9 2 I n 0 . 0 s N#§5fc/f 10 3 <D—U<Dffii&*m 1 
^y ? llI2tC7rc-r$n<^*L^o 7*7Xyxyf>7{:J: 19 MtH nlG a NTSI^ 9 
? KH02 wiicit ^nox^3K*#ftic|K *k 7>^>-r;i/5 - 7A^i 1 

0 6 a&tfTJl/S-^AJg 10 6 b **Rfl&K:*3»3-£T > nit-? ^Igl 06* 
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